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j&u iM-yft^i$n/cifM:Mi sfet 

S 

[»*«3] %l<oj&HR£ bi^^fflffit0>WK»3 
I S F ETtoy- h*6»ttO>J¥*«T^K5£UTft5r 

- C0*fi»K £ tfTia^fMi k OggffitefufEM I S F E T 
U SEM^^-e^KSnfcsR^ffla^MI SFET?: 

I SFET(oy— bJtfei&KJ:?) fcB#^>»i/^<3/7rit6 

g£T*a-rxg<t, 

[000 1] 



fc*f|«i:Mis (&JR/»««/*»ff) fitit^F 
ET (*JM»* h?^**) S:Rttfc¥»*36«Xl5 

[0 0 0 2] 

£fc«>, ffi*©LOCOS»»:ftb9, <fc»)«vslfe» 

to i s FET&7g/$-T5£fc69J; 5* Baffle feofco 

[000 3] |170h U V^Kfcffl^fcfiesiWSFE 
SMI SFETSrfflV^TwO?Bgjg^«:iftMi-So (a) 

fi¥ffiiat?, .(b) n (a) (d&ua-a 9 m^m, 

(c) f* (a) ^ffiB-B' BrBia-efcSo mi 7 
T\ l 3«:»«)ii**^»«tffl*6««, 

[0 0 0 4] i^ffl«g3lrML/cftC 
-T^o ^"C, *^Htffl«»»3SrSI«)iiA/*:«, ¥ 

^^ttfflJfeiftBSS^aity^^^SiX, 117 (b) 

J: 5 l coKft^oS «fc 9 fc*^#«JB*6» 

[0 0 0 5] r h 7 is*/* $ (O^mU b 7 

- h*i^> b7>v*?%m&^z>MmtB}&x*[*, m±b 

h 7 hlftlRKJgdcOBSftia 

ft5o 

[000 6] 

misfe TMf&titiDtf— hmmmffi&m<D£ii>b^ m^- 

[0 0 0 7] Jimfflm&Mik-t^KteZttfz 
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[0 0 0 8] 

fclR&JBjS-C* Sr»« tt5. 

[0009] in*>*«wtt x ^tfstRw^^^mfiatK 

(CM I S FETSrK*-tfc^aSfl£3£fitC*5V^, itufE h U- 

1 <0 J6»K t ffir!E¥*#S« £ OSBUflfufEM I S F E 
[0 0 10] ±1B*J*<0¥*#K«0>« 

«t f9SSV^«4t?SS-f-XSt, mffSMI SFETW- 

HR£ t <nm^&/< y?r »WBIS:«*-r 5 XS 
i:. SulEMI SFETcr>^- h««iS:?gfi8i-5XSi:Sr 

KMi^l(-<totx 7 fy^$tltt, MI SFE 

«3<Ojfe»KOJ:y^V^ai$3as«{kLTt. MI SF 
E T^y — h^HM^Ca/c^MiaotlJ?) 
M£*lSfc#>, Biifea*3& s ^kLTt>M I SFETi:i 

[0 0 1 1] *± h9vv?^#<oJK«*s,jNSv^fc 



4 

[0 0 12] *ISW^»iit^ffiSrfflV^5i:, y- 

fc-fcfci"* y-h»«RSrfl5«-rsxS-e^#ft:SSi: 

[0013] 

v 20 (njfe^iE i ) m ip~^w<nm i <Dnffi&m\z&t>z> 

tt¥SH, (b) I* (a) co&fliA-A' Brffiia-Cfc 
S G #HJ£7Kf§-Cf*> 2oroMISFETSrMLW 

[0014] i (Dm^mmmc h 

til 2^(5 h uyf rto#ffiig±{ifj:y- Mi8 

^- KWV«9HM^tltMI SFET«$ 
tbTl^So 

[0015] HI (b) T^lftSftl^ 

40 [0 0 16] i2Md3^^t, #3!!£7gffi 

0¥aH*K«<Z)l!JtXSSrSttW-r-6. ilixfeoHttHl 
(b) ©Bfffitcm-rSKiSXSiaT-fcSo *i\ 0 2 
(a) JC^-TJ: Pliflfnyltl Ol 7 cm-3co 

pSSiSfili:, /^-^y^^^y^ioT 

S c huv^<oai$^ MxffO. l — l. 0/imit 
So h^fMf, ^y^/u^h-^^LT, 
i^foy^ l 0l2^i 0^cm- 2 >ftyaAlTW 

50 [0 0 17] &t>T\ ^2 (b) IZTfrtX 9 
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mm 1 <E>3&ffiS:0Jx.rf 5 n mBMfc LT/< 3/ 7 r %»IK 4 
^y^l/f* hs^£fc**6»IR2, #] 

2 (c) ^-r«t5tr. gR^«lfflil6»ffi3S:it*U-C 
3~1 /imOjftSOPSGKSrffl^So *ft»JK3 t LT 

0tJx.(*7 0 or- 100 otss^r^- A-^ii^n 

l>Tg££-;^h£^ -~ - - 

[0 0 18] 13 (a) iZ7F-f£5\C MfitK 

3 b^ffi^i y ^ > ^ Sffi 1 ^SffitdB 

[0019] #^t\ vi&smi 2%mf&-tZ>M<D 
[0020] #;^-c\ immmi 2tef&mnm^y 

(13 (c) lZ7jk-*£il^ H63RIR 
1 2co?FM^tf5o y-MBi 2<Djgj*K:te, «^fJS 
fil©S i^)*ia)RftSrfflV\ W^|i5-5 0n 
mi:t5« ^t#, !6«R2i:¥*#*Ei 

[0 0 2 1] ft^f, mz-lttfV is}) 

c i 3 fe^^Lr{Sg6i>fb-r5o ^-h*qx 

[0 0 2 2] ■€rO«/«x.tfjBXttt|RS:l 0l3 cm -2 

-io 16 cm-^^At5:tia^ nipy- 
[0023] za>£5izffii$ l £tittmMMm'ei±. k 

(1) x 7 f y/^ h^/<i LT(7)|6fK2^^IM 



5 

(2) RX, **, Xity^mM^t^mitmytm^MVX 
J:5^ffi2 3&5?gfi8:$*Lrv^fc«), 

(3) ^ffStEids^KPStEtftoT^Sfc*, 

(HJ6HJ1B2) B4lt *^P^om2^Hffi«Siic«^ 

-m, 2o<Z)MI SFET^MITV^^, rtl&f* 

[ 0 0 2 4 ] *3H67Kffif*, m 1 ^ffiTgteirS*^- 

4T-^tJ;M:, ^s>^^* hs>'*K 2 

2 *ffi^5>(iffSEtclK2Sr 

[0 0 2 5] C<D«, gB^l!lffi»ftWH3Sr*taL, Kg 

«Bt3<D£ffi:*:/^^ /r~ M&MRl 2flSfiK«f«ia 

[0 0 2 6] #mMftm<D£oiz^ mm(o^[z^y^> 

(i)(3)cows^j6fiF$*L5o ig4^*«5g-e 
h s>'*K2;&S¥##S«l^ffiBSKO 

^y^^yx bys<m2t¥mi$mmixte, =^y^> 

(H1SJB«3) S5tt, *38W<o*3(Oia6«IElc«te 
"Cfi, 2oWMISFET^MLTV^/i\ rixP>(i 

[0027] *n«8t8«:, ib 2 (ommmmt 

*ffiiftS*2cr>3IJ6»t6t»4oTl^ 0 *«K6-ef4. ^ 
50 y ^v^ hy^«2S:«x.tf#feS^y ^>T'JfM 
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Zt\c£oX, JfefWRl 4«rfl?j«-rs 0 «iftR3tt« R 
2»t/il68aR4S:^LT*#ft:StEl t-««)i&**t-Ci^ 

[0 0 2 8] HS-CO^ffSffiKDftfi, & 

TgaSS*t-5X-t-di*^J:-.5lc^$n-C.^&. 

[0 0 2 9] #«3S-CHc, hl/yf^MLfrfift:! 
ffiKO^ffi^, 0!l^fil 0 nmlftl, *fe»JR4 SrJgfig 

3BS V !) = yRS: 1 0 - 2 0 0 n m««f 5„ £<b^ 
SBj&> b tiffSil^R 2 3/ ^ > 5 

fy^h^//«2^lt 0 #;^T\ ^ffiti|ftaW3* 

ita-T^o t LTte, fi&J;Ltf. 0. 3-1 M m 

fif. 7 0 0*C— 1 0 0 0tgS(ON2 T^— ^SrilAnL 
[0 0 3 0] 0 6 (a) <D J; 5 Jfe»»3«: 

l K:t&StR3 S:«l«>i&*JgfiR-r**OttJtKW» 

[0031] #;^t\ y- htfitKRi zzmifctztem 

¥*ftSffil^J5fei^*Qf3aS:i-S«> w<Z>H*. [16 (b) <Z> 
[0 0 3 2] #ci^T\ 116 (c) <©«t 5tc x y- hS&ii 

mi 2<DBi&&noo «^f*. y-hR^LT, s«i 

©¥»#SffiO«fb;*ramb&fflV\ J?^lj:5-50n 
m©fBt^6o R2<D±»fc|JWb:Xtt8{b'S 
H«SRl 4 t45 0 'r^T\ «2 < bMMSl 

ii»»ft&T^«ori:^J:9, !6llW4^»«*lxfc 
KM 9 S\ h«SR 1 2 R^iteaiB 1 4 XMi&m-t 

[0033] -<Dm, #-hm&8&i3i£m<DT.mi:ft 

(1) x y fy^'hy/«2fi, ¥»*ffl«KJl^hu 
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(2) *8H*:*tRl^i«f»StftoTl^fc», 

(3) 4tt«2(OKfbXtta[{bl-J:oT#T»'^ 
fc*. R2<o»^bX«a^bt-J:iR««3!Hl»fcy-- hlft 
itRl 2<D*g*?M\ g2^^iM«l *<o|WIB#«*l 

io B(4<off*S:J:9*:#<Sfc«i-5r.i:dS-C#5; * 

«:!!< t5 r i I: J; oTBE*I«fTf 5„ S-fefc. R 

(4) i2^^ssi ©ftijffifc'rt-jrjBfigsnrt^fc 

^2^^^^Rl£^^fig^^^tcJ:SM 
tll^) MMMM<0^^ kitmi-X l&mx % S 0 
(HlfiJBlS4) 0 7fi, **M^»4<Z5|llfi?gffi^«^ 

20 ' tfj:, 2o(DMI SFETt:ML-Cl/^d\ Ztlh 

ffii-sctas-etSo m i til— altera-*? 
[0 0 3 4] *Hlfijgffin, 3S i olfiilt 

30 y^^ioy-^a^KKyirftoti^ (il 
(a) &#flR) 0 

[0 0 3 5] 1 tt, K»R4 S:I/*6^R 2 

^LTjfe»R3^Sfei&4ixr*5 9. «»«3|j:*^ 
«ffl«»Rt UTttMELTV^So ¥8MMH*ltt 
»BW3Sr^L-CX»»«l l±^«diSixT^S 0 r 

[0 0 3 6] M/yf«lf:mS 
KICO^SS:. «x.tf5 nm»^bL"C»»R4Sr«fiKU 

>-mtm^ 1 0 - 2 0 0 n mi£SH-S * TMi^ 1 (D^ 

[0 0 3 7] »v^r% ^ffi*-tt»R3SrJ«aLfcft. m 
8 (a) C*tJ:9f:, UCjfe^R3{RiJ^^|- 

m-t&xom'ottrt&o ^ii3^Lt{t ^j^li^o. 

l-2Mm(OSS(0PSGlS:fflt^ 0 ^^R3^rita 

y 7 o-$-fr5p»fbi-s^»^ «*tfN 

2 l^ia^^T^— ^*ia§igf7^- yu«rii*DL 
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fete, WxtfN 2 ^ffl^^^T^-yu^TK^^H^* 
[0 0 3 8] &t^T\ 118 (b) \Z7rrtJ:?[^ 

.[0 0 3 9] &^T\ h&KfRl 2&Mf£L'tZ>ift<D 

^mmmi^m^m^-r^o ^<vt%, ms (b) 

[0040] £ 0 8 (c) (c^i~J:9t-. h 

mumi 2<om^noo m^\^-hmt^x, mm 

1<DS i 69*ffi<7)»te£rffii\ j?£f3:5 — 5 0 hmW 
£ c »2<Oiie««2i:^*ff««l'i:(OgB» 
hMIff^WTC§o- tic J: 9, *6»K4tc 

[0 0 4 1 ] §ltJR#, ftlxJi^y =>^P,ft5^ 
OC 1 3 tttt«rLT(6«6Mt*-5o 

fflOSS:, W t l^lif 1^ t 5 - 5 0 n mijb L 1 1 i 

v\ 

[0 0 4 2] fit Si Sri 0l3 cm -2 

- 1 0 16 c m-2^f t ySAt 5 r i l: J: *) , nl^V- 

[0 0 4 3] *HlE?glS^^«i:L-rtt, 13 9 (a) 

7FMLTt> £v\ 19 (a) <!:iS?<Dx— 

LtUv\ £bt^ gUK)^Wi L-Cfi. 09 (b) 

W&mm 2 SrJg/S LT t> J: u \ 

[0 0 4 4] 4fc, HI 9 (c) l^-rid^, ^SMMH 
« l ^KttlR2 J: 9 t>{S< 4or 

8 (a) <D£i\Z x ^»ftfflttl Sr*ffi^?>^i§5^y^ 
>^ L*6»»4 Xf* 2 a^ffidBtB-fS «fc 9 

[0045] *mmmmxn. ut<d 3 ow»fi^fc 

So 



(6) 

J0 

(1) x 7 fy^h^«2^iM^ ^«SfeL 

(2) mTftMmmmwk3{mmm*&^mmmzm^z> 

- - ft < mat * -±-® a> e> *^»«ffl»iBe-^ffl«>^»- - 

o) mm, **, xi^m^ ^(omitmytm^m^x 

Slri 9 J: 9 2 /5«^ntv>5t fe, y- h*6» 

frz¥Wi£mm*^Tm^mm<Dmmmx&>z> 0 mmm 

J6i--5r tds-c#5o **3, lai ffl^tt. 1^- 

[0046] *3as«ftBtt, m4<Dmmwmtm^m^ 

«ffi^»4<DH16«ftB4:ll*oTV^-6o *«BS-m. * 
■fSI 11 (a) x5/fy^h^!2 

^R2t3Rtri^-e#4. $e>*Ji, !6«WR3S:itaL 
mil (b) l^iTi: 9^. X«FStEt-*6SR3 

tt, *4(OHl||iJgtt4:IPl»tto-e«l»-t-5 0 
40 [0 0 4 7] #H16JBI§-Cte, ^y^^^^hy^!R2 

*ffitcK2)fts»«**Lfc»4<o|lififlgffia>»&J:f9 
[0 0 4 8] *$kW&U<r>&Mmk\^XYt* mi 
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ttmmmz&ftmmirjjmtfmf btiz> Q mi2<Dm 
cj;ot, mrnrns 1 Rum2^mwm^i±^mh 

So 

[0 0 4 9] z_<nm\ 2<nm^&x*h, $B 4 onMMt&to 
■ (l0-(2) (3)O*SdS«fe:-*u5o -t^, 4ift«l ^T 

(S£Jfe?gffi6) 113ft *3SM05»6^Hlte®ffi^« 
f§"CH 2oOMISFETeMUl^^\ ^*t?> 

3' F^KS^^ffM^tLrv^r i:?fMfe^^3 (D 

[0 0 5 i] *«igt?tt, h uyf^Mit^I 

*l*BSr, «x.ri5nm*{tUTi»W«4S:flffiKLfc 

13' srJta-r^o te«W3' iim w^rfo. 3 

-1 /zm<Djp£<DPSGgl£ffl^£ 0 «8R3itt 

d 0iJ^^7 o ot-i o o ot:g«0)T~— /uSriifln 

^l ^it-<J^3' Xtt2 0iy^^^i$ftiftSigv^J; 5 
icftUl ¥*ft«« l «r*6»l»3 f^S^^^S 

[0 0 5 2] Sb^, »ftR3Sr*aLfc«. X^fSS 
l i^|6«W3ffl**tiFii-5J:5K9f+^5o *feH^3 
ttm «Hx.tf0. 3— 1 u m<om£CDP SGl^ffl 

[0 0 5 3] &^T\ Sr*E^P,^ffi3iy 

^>^u »iW4Xfi2 3fts*ffi^«m-*-aj:5«-"r 



(7) 

i <ojjfei^«L3asri-s 0 mi 4 

y^-y^ $ *U£-<.l ^K-SrfflV\ -^ffi-^^flcffitt-l-— — 

[0 0 5 5] £f>M, 114 (b) 0>J;5f^ h*fi 

nm^-TSo w*>££\ ±SB^^K2^»{k;xttS<bS 
tO&liili 4 ht£Z> <£ «gfll2i:¥ 
££>E««:. M6»BWSi:l«3<Oi|fi» 

»2/«£ft*:R«0«ry- h»l 2XOq&gURl 4 "C 

20 [oo5 6] ^com, vmMs (dm^jm^tm^ 
n? 0 ^n^ign mi^mmmmtmm^cox^m ' 

o\c s *^«fflil6»R3dSK2{c»oTiS-ttA<® 

«^*^»«iffli6iisR3 tmmm2 i^Bascii: 

30 [0 0 5 7] mi 4 (c) (DzT?^i-, J^2C0^c 

5iH (c) (DXoftnffiMmbmfbtiZo ^<»w 

3\ mi 4 (d) <7?J:5l-y-He«Rl 2Sr**i--5 
£"CK 2 tfqggHR 1 4 t4!Hj85)ftKc«), « 

(Hlfe^ffi 7 ) 0 1511 *mW<Dm 7 <DHffi»J|g^« 

[0 0 5 8] *mmxm&. mz^mmmtm^m^ 

3* rttwSfeii^JgfigSiX"CW^ri:i:?g^i6j&s»3<Z> 
[0 0 5 9] #^fe7f^T*fl mi 5<OJ:5"^, 12^ 
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szmm-tZo »«B-3i:Lm «*tfo. 3-1 M 

m(7)/f:^C0P SGMl^ c #'J;tf;£7 0 0T; 

— 10 0 OtSffi^T^— /wSriiJJDLTRSr^/uhSii: 

Jlffiff^T^ - - : - - 

[0060] *nj6?giiT*tt, 3 (ommmmn a> (3) 

(1) *HJ6^li"ett, hy/«2^afft 

. 2 ^jg^snfcs 3 (DmmmmRxfm4(Dmmmm<Dm 

/>°IS2i:^f*ffi«lXlt x y fy^hy/«2t 

(2) *^»«ffl«fe»B3lctt«tt^ftv^ifa«S:fflv^ 

[0 0 6 1 ] /«c*3, **M*i±iliL^#IIJS?gffi(c:R^ 

LOCOSftt?»«»Jc:*^IB««S:iMbU LOC 
<£>^ y ^ Is Affile iotLOCOS »fk»Sr»«WJcffi 

[0062] mmmnxi^ mmm^^atmt it, 

3, 3' mm&t L-CPSGSr*6«i-5*S*^L/c 
#\ 0ilx.fi, 3 0 k e Vgff 60i6*Pii3i^^^— "CiS* 

[0 0 6 3] *fc, X?jMBffl£ra^t6W^&&3 

LTIi, PSG, BPSGft^>!i^K^7 



74 

G a A s SffitCfcH"* A 1 G a A s ^ffl^jf JStX 
[0 0 6 4] *fc, ^- hMl 2 t LTte, 

1 zmikxnmt1rz> * t ^ J; 0 BHfcBDUSSl'blK 

Sr-fflv^»^(cji r m l- 6 < a -> m&rk- 

£#-e#£ 0 Z<Dit#>* 1116 (b) T\ ¥3tft«*l 

[0065] mmmmx^ uu P s* 

yXisD^ls, TWr^v'Da^ SiGefii, 
20 S i Cffiigu G a A s . I n PSrffl^ttS^o ^Ofin 
S¥*#£ffl^-C4>J:<. niMI S'FET©fb*)|: 
piMI S F ET^MLtt) <fcl\> 
[0 0 6 6] V— ^ • KW>W9 £ Ltli, Sf-^fc 

tfBPSG; PSG*iTS:fflV^c@tBi£tS:^ffitt*t- 
lTGaAs^ffli/^I^t:il y-^KWywK- 

30 ^h^LT. nSffi«?Bj«J-*i, Ge, Si, Sn, 
piS*Mi:fiZ n , Be &Bt@ffi«^f ^vfT^ii 

[0 0 6 7] XfSSffi 1 1 i: Itli, V y = G 
aAsX«, inPSS, 3^iMbiRS«, BMtr 
/i^gffi, ^t^yKSI, s i CS«, Xttrtifc 

[0 0 6 8] ^JSff^l, 2, 4, 5®xs,fy 

v-y ^yHb!Tfj:^<, «^tf^^v»^< 

[0 0 6 9] HffiJf^3 f 6, 7<r>^y^-ls^^V^s< 
m2kLTl$. #Sfav / !) ^IsfSk&fRk LT^Lfc^\ 

^ >, S i G e ^ B B B , S i C^H e B) W, Ta, Ti, X 

50 ha 1 *>j; ?(^ltfl: J ^^t;^J:orjfe^»:{t:i--5K^^ 



(9) 

15 

[o o 7 o] hmms^nnt irii, poci 3 

*ffi»Lfc#iI£iiIr>y nvSr^UfciS, tiw^a 

g, as sGKJcflHft&ftLTfci^u m&f&mz 

Pt, Pd, Al, C u^V&m&WttiDi/}) K io 

[0 0 7 1 ] £ e>fc*fc, ilftl»»E±^^**«S:«* 
L/cS^ (SOlSif ;»l4-7{:ffi^ tcjo 

i oRK0E«S:ffi?a^*frBllw?B*"f--5M I 

[0 0 7 2] 

[Bffi^"ffl¥fcIftW] 

«:^¥ffiBi8rffiB. 

[B2] * l (OSIlS^ll^^frlgBwaiJgXS^W* 



[14] 




16 

ii3] as 1 ^iiififfjffiw^aKtasfioKigxews^ 

[IH6] »3W|llSillflBO^»fle«ll<0«JtxeS:*-r 
Hfr®B 0 

[g]9] m^(ommmm(Dmmi^7fk-rmmm 0 

[Ull 0] »5(0|llfiJBffi^»t>5¥*ffK«Sr^-r* 

rani m 5 (ommmm(D^mwmm<Dmmi:m^ 

[il2] »5 OHJSJgflg^S»WS:^-t*BfBiao 

ran] m6(ommmmiz.mt>%¥>mfcmn&7F'tm 

■IB 1 4 ] »6 o||JIS?BIB©^*ff««<o»J6XSS:* 

[il 5] »7(Oia6^^«fo-5¥3W*:»«Sr*-r* 
^«iS»rffiB 0 

[Bi6] ^m<D^m^-tm^m 0 

[in] a*0^*#KJB^*^*JtSr*^¥BB4: 

®f®Bo 

1 1 

1 m&^jbi 



[B5] 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent the etching and lowering 
of an element isolation insulating film more than a semiconductor 
region for the pretreatment of a gate insulating film, and to reduce $ 
the effect of a parasitic transistor, in which the thresholds of the 
corner sections of a semiconductor region are diminished, in a 
MISFET using trench isolation. 

SOLUTION: In a semiconductor device, in which trenches are 
formed into the element isolation region of a semiconductor 
substrate and MISFETs are formed into element regions isolated 
by the trenches, etching-stopper insulating films 2 shaped onto 
the side faces and bottom sections of the trenches through buffer 
insulating films 4 and insulating films 3 for element isolation buried 
and formed into the trenches are provided, the insulating films 2 
are formed up to places higher than the top face of the 
semiconductor substrate 1 , and the thickness of the insulating 
films 4 is set in the thickness or less of the gate insulating films 
of the MISFETs. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the semiconductor device which prepared MISFET in the component field which formed the 
trench in the component isolation region of a semi-conductor substrate, and was separated with this 
trench The 1st insulator layer of said trench formed in the side face at least and the 2nd insulator layer 
embedded and formed in said trench are provided. It is the semiconductor device which is formed to the 
location higher than the top face of said semi-conductor substrate where the 1st insulator layer is equal 
to the top face of said semi-conductor substrate, and is characterized by coming to set up the distance 
of the 1st insulator layer and said semi-conductor substrate below in the thickness of the gate 
dielectric film of said MISFET. 

[Claim 2] It is the semiconductor device according to claim 1 characterized by for the 1st insulator layer 
consisting of a silicon nitride which functions as an etching stopper, and the 2nd insulator layer 
consisting of silicon oxide for isolation. 

[Claim 3] The semiconductor device according to claim 1 characterized by the 3rd insulator layer being 
formed between the 1st insulator layer and a trench side face, and coming to set up the thickness of 
this 3rd insulator layer below in the thickness of the gate dielectric film of said MISFET. 
[Claim 4] It is the semiconductor device which an insulator layer is formed in a side face at least in the 
semiconductor device which prepared MISFET in the semi-conductor layer selectively formed on the 
support substrate to the top face of this layer and the equal or location higher than the top face of this 
layer of said semi-conductor layer, and is characterized by coming to set up the distance of the 
insulator layer of a parenthesis, and said semi-conductor layer below in the thickness of the gate 
dielectric film of said MISFET. 

[Claim 5] In the manufacture approach of a semiconductor device of having prepared MISFET in the 
component field which has a trench in the component isolation region of a semi-conductor substrate, 
and was separated with this trench The front face of the process which forms a trench in the 
component isolation region of a semi-conductor substrate, and the substrate with which said trench was 
formed is met. The process which forms the insulator layer for etching prevention through a buffer 
insulator layer with thickness thinner than the gate dielectric film of said MISFET, While etchback of 
each insulator layer is carried out to the process which deposits the insulator layer for isolation on the 
whole surface until said substrate front face is exposed, and embedding said insulator layer for isolation 
in said trench The process of said trench which leaves said insulator layer for etching prevention at 
least to a side face to the same or location higher than a substrate top face as a substrate top face, 
The manufacture approach of the semiconductor device characterized by including the process which 
forms a buffer insulator layer again between said insulator layers for etching prevention and substrates, 
and the process which forms the gate electrode of said MISFET at the same time it forms the gate 
dielectric film of said MISFET. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semiconductor device which prepared FET (field- 
effect transistor) of MIS (metal / insulator layer / semi-conductor) structure in the component field by 
which trench separation was carried out, and its manufacture approach. 
[0002] 

[Description of the Prior Art] In order to achieve high integration of a semiconductor integrated circuit 
in recent years, instead of the conventional LOCOS separation, the trench separation which has high 
electrical isolation capacity by narrower insulator separation width of face is adopted. Here, in the 
conventional trench isolation construction which embedded the insulator layer for isolation of a 
monolayer, when MISFET was. formed, there were the following troubles. 

[0003] This trouble is explained using the conventional flat-surface mold MISFET using trench 
separation of drawing 1 7 . (a) is a top view, (b) is the view A-A' sectional view of (a), and (c) is the view 
B-B' sectional view of (a). It is drawing 17 , and in 1, a gate electrode and 9 show a source drain field, 
and, as for a semi-conductor substrate and 3, 12 shows gate dielectric film, as for the insulator layer for 
embedding isolation, and 8. 

[0004] After creating the insulator layer 3 for isolation conventionally, gate dielectric film 12 is formed, 
and the gate electrode 8 is formed further. Here, although it is necessary to perform etchback 
processing of an insulator layer in order to expose the front face of the semi-conductor substrate 1 
after embedding the insulator layer 3 for isolation, the insulator layer 3 for isolation will be etched in the 
case of this etchback processing, and the insulator layer 3 for isolation will become low rather than the 
exposure front face of the semi-conductor substrate 1 like drawing 1 7 (b). And in b part, since the 
amount of [ of a semiconductor region ] corner exposes and the gate electric field of the part of an 
angle concentrate, rather than a part, the threshold when forming a transistor will fall and a parasitic 
transistor will be formed. 

[0005] If gate width becomes small, in order that the conductance ratio to the flat-surface section 
transistor of this parasitic transistor may give a threshold which becomes large and is different, in the 
integrated circuit which forms the transistor of some gate width, a parasitic transistor poses a big 
problem on a circuit design. Moreover, the configuration of a semiconductor region and a component 
isolation region changes with the shape of the amount of etching, or a trench equation which is 
separable accompanying [ generally ] pretreatment of gate-dielectric-film formation in this parasitic 
transistor. For this reason, it becomes the cause by which an electrical property changes and the 
repeatability of a device is worsened. 
[0006] 

[Problem(s) to be Solved by the Invention] Thus, by the trench isolation construction which forms the 
insulator layer for isolation by the monolayer, for gate-dielectric-film pretreatment at the time of 
MISFET formation, the insulator layer for isolation was etched rather than the semiconductor region, it 
became low, the amount of [ of a semiconductor region ] corner exposed, and there was a problem that 
the parasitic transistor to which the threshold fell was formed, conventionally. 



[0007] This invention can prevent beforehand the exposure for a corner of the semiconductor region 
accompanying gate-dielectric-film formation pretreatment, and reduces the effect of a parasitism edge 
transistor, and the place which it was made that the above-mentioned problem should be solved and is 
made into the object has it in offering the semiconductor device which can aim at improvement in 
repeatability, and its manufacture approach. 
[0008] 

[Means for Solving the Problem] 

(Outline) The main point of this invention is to substitute for the insulator layer for isolation near the 
semiconductor region another insulator layer which cannot be easily etched by gate-dielectric-film 
formation pretreatment. Furthermore, even if this invention does not not necessarily contact the 
insulator layer for etching prevention to a semiconductor region, it is characterized by the ability to form 
the film in which it is made not exposed [ a semi-conductor substrate edge ], and the interface property 
was excellent between a semiconductor region and the etching prevention film with the insulator layer 
increment at the time of gate-dielectric-film formation. 

[0009] Namely, this invention forms a trench in the component isolation region of a semi-conductor 
substrate, and sets it to the semiconductor device which prepared MISFET in the component field 
separated with this trench. The 1st insulator layer of said trench formed in the side face at least and 
the 2nd insulator layer embedded and formed in said trench are provided. It is formed to the location 
higher than the top face of said semi-conductor substrate where the 1st insulator layer is equal to the 
top face of said semi-conductor substrate, and is characterized by coming to set up the distance of the 
1st insulator layer and said semi-conductor substrate below in the thickness of the gate dielectric film 
of said MISFET. 

[0010] Moreover, the process at which this invention forms a trench in the component isolation region 
of a semi-conductor substrate in the manufacture approach of the semiconductor device of the above- 
mentioned configuration, The process which forms the insulator layer for an etching halt along the front 
face of a substrate in which said trench was formed through a buffer insulator layer with thickness 
thinner than the gate dielectric film of said MISFET, While etchback of each insulator layer is carried out 
to the process which deposits the insulator layer for isolation on the whole surface until said substrate 
front face is exposed, and embedding said insulator layer for isolation in said trench The process of said 
trench which leaves said insulator layer for an etching halt at least to a side face to the same or 
location higher than a substrate top face as a substrate top face, It is characterized by including the 
process which forms a buffer insulator layer again between said insulator layers for an etching halt and 
substrates, and the process which forms the gate electrode of said MISFET at the same time it forms 
the gate dielectric film of said MISFET. 

(Operation) Even if the 3rd insulator layer between the 1st insulator layer for etching prevention and a 
semi-conductor substrate is etched by gate-dielectric-film formation pretreatment, it is returned with 
the structure of this invention by the new insulator layer at the time of gate-dielectric-film formation of 
MISFET. Moreover, the edge of a semi-conductor substrate can reduce the effect of a parasitic 
transistor with an edge at the time of gate electrode formation, without [ therefore ] becoming higher 
than an insulator layer. Furthermore, since it is returned by the new insulator layer at the time of gate- 
dielectric-film formation of MISFET even if the etching depth of the 3rd insulator layer between the 1st 
insulator layer and a semi-conductor substrate changes with gate-dielectric-film formation 
pretreatment, even if the amount of pretreatments changes, the configuration between MISFET and the 
insulator layer for isolation can form in stability. 

[0011] Moreover, since the effect of a parasitic transistor is small, a homogeneous good threshold and a 
subthreshold level swing jazz multiplier are realizable also between the transistors from which gate width 
differs. Furthermore, since the level difference by insulator layer etching is small at the time of gate 
lithography, the level difference of a semi-conductor front face and a trench part is also reduced, and 
even if the depth of focus is shallow, a uniform and good gate configuration can be formed. Moreover, 
since the gate electrode substrate is formed in more uniform height also at the time of etching of gate 



formation, gate electrode residue stops being able to remain easily and the gate formation of the 
coverage can be carried out in height also with bad uniform gate electrode material. For this reason, the 
gate which has homogeneous good field resistance can be formed. 

[0012] Moreover, if the manufacture approach of this invention is used, it can be based neither on the 
amount of gate-dielectric-film formation pretreatment etching, nor the configuration of trench 
separation, but an insulator layer can be formed between a semi-conductor substrate and the 1st 
insulator layer at the process which forms gate dielectric film, and, thereby, the effect of an edge 
parasitism transistor can be prevented. 
[0013] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained, referring to 
a drawing. 

(Operation gestalt 1) Drawing 1 is for explaining the component structure of the semiconductor device 
concerning the 1st operation gestalt of this invention, (a) is a top view and (b) is the view A-A' sectional 
view of (a). With this operation gestalt, although two MISFET(s) are formed, there is not necessarily no 
need of forming these by arrangement of drawing, and it can be carried out independently. 
[0014] A trench is formed in the component isolation region of the semi-conductor substrate 1, and pad 
formation of the insulator layer 3 for isolation (the 2nd insulator layer) is carried out through the buffer 
insulator layer (the 3rd insulator layer) 4 and the insulator layer 2 for etching prevention (the 1st 
insulator layer) into this trench. Gate dielectric film 12 is formed in the front face of the component field 
surrounded with the trench, and the gate electrode 8 is further formed on each insulator layer in gate 
dielectric film 12 and a trench. And the source drain field 9 is formed in the both sides of the gate 
electrode 8, and MISFET is constituted. 

[0015] Here, the angle of the semi-conductor substrate 1 in drawing 1 (b) is protected by an insulator 
layer 4 or the insulator layer 2, and it is formed so that the gate electrode 8 may not be arranged in 
contact with the side face of the semi-conductor substrate 1 through gate dielectric film 12. 
[0016] Next, the production process of the semiconductor device of this operation gestalt is explained 
using drawing 2 and drawing 3 . These drawings are production process drawings corresponding to the 
cross section of drawing 1 (b). First, a trench is formed in the field which forms the insulator layer for 
isolation in the p mold Si substrate 1 of boron concentration 1017cm-3 by patterning and etching as 
shown in drawing 2 (a). The depth of a trench is set to 0.1-1.0 micrometers. The 101 2-1014cm~2 ion 
implantation of the boron may be carried out as a punch-through stopper after trench formation. 
[0017] Subsequently, as shown in drawing 2 (b) f after 5nm's oxidizing and forming the buffer insulator 
layer 4, the insulator layer 2 used as an etching stopper, for example, a silicon nitride, is deposited for 
the front face of the semi-conductor substrate 1. Thickness of this insulator layer 2 is taken as for 10- 
200nm. Furthermore, as shown in drawing 2 (c), the insulator layer 3 for isolation is deposited and 
flattening of the front face is carried out. As an insulator layer 3, the PSG film with a thickness of 0.3-1 
micrometer is used, for example. As an insulator layer 3, 700 degrees C - about 1000 degrees C 
annealing may be added, for example, melt of the film may be carried out, and thickness may be made 
into homogeneity. ^ 

[0018] Subsequently, as shown in drawing 3 (a) t overall etching of the insulator layer 3 is carried out 
from a front face, and it is made exposed [ the semi-conductor substrate 1 ] to a front face. It is made 
slow [ compared with an insulator layer 3 / an insulator layer 4 or the rate of etching of two ] at this 
time, and if it graduates completely by polishing, it can perform comparatively easily embedding and 
forming an insulator layer 3 in the semi-conductor substrate 1. Of course, reactive ion etching may be 
used for overall etching. Moreover, after etching in this case so that an insulator layer 2 may remain in 
the heights front face of the semi-conductor substrate 1 by overall etching, an insulator layer 2 may be 
etched selectively and may be removed. 

[0019] Subsequently, washing processing of the semi-conductor substrate 1 before forming gate 
dielectric film 12 is carried out. At this time, as shown in drawing 3 (b), an insulator layer 4 is etched and 
you may come below the top face of the semi-conductor substrate 1. Under the present circumstances, 



a front face is made not to be formed below the. front face of the semi-conductor substrate 1 using the 
film which cannot be easily etched by washing processing as an insulator layer 2. 

[0020] Subsequently, gate-dielectric-film 12 formation pretreatment etching is performed, and as shown 
in drawing 3 (c) f gate dielectric film 12 is formed. The thickness is set to 5-50nm at formation of the 
gate film 12 using oxidation of the front face of Si of a substrate 1. At this time, the film decrease by 
etching formed in the insulator layer 4 can be returned with gate dielectric film 12 by maintaining the 
distance of an insulator layer 2 and the semi-conductor substrate 1 below at gate-dielectric-film 
thickness. 

[0021] Subsequently, the gate electrode 8 which consists of polish recon, for example is deposited 

completely, and it is POCI3 to this gate electrode 8. Low resistance is spread and formed. Then, gate 

processing is etched with lithography. Then, 5-50nm may oxidize a gate side attachment wall for 

example, in an oxygen ambient atmosphere. , . _ . „ „ 

[0022] Then, the structure shown in said drawing 1 is acquired by forming the source drain field 9 of n 

mold by carrying out the 1013cm - 2-1016cm~2 ion implantation of phosphorus or the arsenic, for 

example. 

[0023] Thus, there are the following three features with this constituted operation gestalt. 

(1) Carry out overall etching of the insulator layer 2 as an etching stopper after complete formation, and 
form the etching stopper 2 only in the trench sections other than a semiconductor region selectively. 
Therefore, it is not necessary to carry out patterning of the etching stopper film 2, and a process is 
easy and the problem of doubling gap does not have it, either. 

(2) Since the film 2 is formed so that the side face and the interior of a trench of the semi-conductor 
substrate 1 may be covered by using for the etching stopper film 2 the film which has the stopping- 
power force to oxidation reduction agents, such as oxygen, hydrogen, or a steam, configuration change 
of the semi-conductor substrate 1 by the oxidation reduction agent after gate-dielectric-film formation 
can be prevented. 

(3) Since the semi-conductor substrate 1 is a support substrate, like the semiconductor region formed 
on the insulator, the substrate floating effectiveness of the threshold shift or threshold aggravation by 
electron hole are recording does not arise, but substrate bias impression can be performed. 
(Operation gestalt 2) Drawing 4 is the component structure sectional view showing the semiconductor 
device concerning the 2nd operation gestalt of this invention. With this operation gestalt, although two 
MISFET(s) are formed, there is not necessarily no need of forming these by arrangement of drawing, and 
it can be carried out independently. In addition, the same sign is given to the same part as drawing 1 , 
and the detailed explanation is omitted. 

[0024] Although this operation gestalt is the same on the 1st operation gestalt and basic target, the 
configuration and the forming method of the etching stopper film 2 differ from the 1st operation gestalt. 
The etching stopper film 2 is made to remain only in the side attachment wall of the semi-conductor 
substrate 1 with this structure, as drawing 4 shows. This is [ after forming the etching stopper film 2 in 
the whole surface ] realizable by leaving the etching stopper film 2 only to a side-attachment-wall part 
with a large trench level difference by carrying out reactive ion etching of the film 2 almost vertically 
from a front face. 

[0025] Then, the insulator layer 3 for isolation is deposited, overall etching of an insulator layer 3 and 
gate-dielectric-film 1 2 formation pretreatment etching are performed, and the process after gate- 
dielectric-film 12 formation and gate electrode formation is performed. Since it is the same as that of 
the 1st operation gestalt, these processes are skipped. 

[0026] Like this operation gestalt, the features of (1) and (3) of the 1st operation gestalt are maintained 
with the structure which formed the etching stopper film 2 only in the side attachment wall. Furthermore, 
with this structure of drawing 4 , since he is trying for the etching stopper film 2 to remain only in the 
side attachment wall of the semi-conductor substrate 1, stress can be made smaller than the case 
where it is the 1st operation gestalt by which the film 2 was formed in the whole surface. Moreover, 
distortion by the difference of the coefficient of thermal expansion by the temperature change of the 



etching stopper film 2, the semi-conductor substrate 1 or the etching stopper film 2, and an insulator 
layer 3 can also be made small. 

(Operation gestalt 3) Drawing 5 is the component structure sectional view showing the semiconductor 
device concerning the 3rd operation gestalt of this invention. With this operation gestalt, although two 
MISFET(s) are formed, there is not necessarily no need of forming these by arrangement of drawing, and 
it can be carried out independently. In addition, the same sign is given to the same part as drawing 12 , 
and the detailed explanation is omitted. 

[0027] Although this operation gestalt is the same on the 2nd operation gestalt and basic target, the 
configuration and the forming method of the etching stopper film 2 differ from the 2nd operation gestalt. 
With this structure, an insulator layer 14 is formed by forming the etching stopper film 2 with 
polycrystalline silicon, oxidizing or nitriding and insulator-layerHzing the film 2 at the time of gate 
formation. The insulator layer 3 is embedded through the film 2 and an insulator layer 4 at the semi- 
conductor substrate 1. Furthermore, the insulator layer 14 is formed in the upper part of the film 2, and 
it is functioning as an insulator layer for isolation. 

[0028] Here, the angle of the semi-conductor substrate 1 in drawing 5 is protected by an insulator layer 
14 or the insulator layer 4, and it is formed so that the gate electrode 8 may not be arranged in contact 
with the side face of the semi-conductor substrate 1 through gate diejectric film 12. 
[0029] With this structure, after 10nm's oxidizing and forming an insulator layer 4, 10-200nm of insulator 
layers 2 used as an etching stopper, for example, the polycrystalline silicon film, is deposited for the 
front face of the semi-conductor substrate 1 in which the trench was formed. Furthermore, it leaves the 
etching stopper film 2 only to a side-attachment-wall part with a large trench level difference by 
carrying out reactive ion etching of the film 2 almost vertically from a front face. Subsequently, an 
insulator layer 3 is deposited on the whole surface. As an insulator layer 3, the PSG film with a 
thickness of 0.3-1 micrometer is used, for example. As an insulator layer 3, it is N2 [ 700 degrees C - 
about 1000 degrees C ], for example. Annealing may be added, melt of the film may be carried out, and 
thickness may be made into homogeneity. 

[0030] Subsequently, like drawing 6 (a), overall etching of the insulator layer 3 is carried out from a front 
face, and it is made exposed [ an insulator layer 4 or the semi-conductor substrate 1 ] to a front face. It 
is made slow [ compared with an insulator layer 3 / the rate of etching of an insulator layer 4 or the 
semi-conductor substrate 1 ] at this time, and if it graduates completely by polishing, it can perform 
comparatively easily embedding and forming an insulator layer 3 in the semi-conductor substrate 1. Of 
course, reactive ion etching may be used for overall etching. 

[0031] Subsequently, washing processing of the semi-conductor substrate 1 before forming gate 
dielectric film 12 is carried out. At this time, like drawing 6 (b), an insulator layer 4 is etched and you 
may come below the semi-conductor substrate 1. Under the present circumstances, a front face is 
made not to be formed below the semi-conductor substrate 1 using the film into which the film 2 cannot 
be easily etched by washing processing. 

[0032] Subsequently, gate dielectric film 12 is formed like drawing 6 (c). For example, thickness is made 
into for 5~50nm. using the oxidation or the nitriding of a substrate 1 on the front face of a semi- 
conductor as gate film. At this time, the upper part of the film 2 is also oxidized or nitrided, and serves 
as an insulator layer 14. The film decrease formed in the insulator layer 4 can be returned by gate 
dielectric film 12 and the insulator layer 14 by maintaining the distance of an insulator layer 2 and the 
semi-conductor substrate 1 below at the sum of the increment by insulator-layerHzing of gate- 
dielectric-film thickness and the film 3 here. 

[0033] Then, the process after gate electrode 8 formation is performed. Since it is the same as that of 
the 1st operation gestalt, these processes are skipped. There are the following three features with this 
operation gestalt. 

(1) The etching stopper film 2 is selectively formed only in the trench sections other than a 
semiconductor region. Therefore, it is not necessary to carry out patterning of the etching stopper film 
2, and a process is easy, and doubles theoretically and the problem of gap does not have it, either. 



(2) Since the semi-conductor substrate 1 is a support substrate, like a semiconductor region like the 
semiconductor region formed on the insulator formed on the insulator, the substrate floating 
effectiveness of the threshold shift or threshold aggravation by electron hole are recording does not 
arise, but substrate bias impression can be performed. 

(3) An insulator layer 14 can bury a part for film decrease of the film 4, even if spacing of the film 2 and 
the semi-conductor substrate 1 leaves only the sum of the thickness increment by oxidation or nitriding 
of the film 2, and gate dielectric film 12, since it has obtained by oxidation or nitriding of the film 2. For 
this reason, the thickness of the film 4 can be secured more greatly. Then, even if it uses the film 3 in 
which isolation voltage is inferior to the film 4, pressure-proofing is maintainable by thickening the film 4. 
Furthermore, even if the film 3 or the film 2 is charged, effect which it has on the semi-conductor 
substrate 1 can be made small by thickening the film 4. 

(4) Since the film 2 is formed only in the side face of the semi-conductor substrate 1, distortion by the 
membrane stress of the 2nd operation gestalt or the difference of a coefficient of thermal expansion can 
also be reduced as compared with the case of the 1st operation gestalt. 

(Operation gestalt 4) Drawing 7 is the component structure sectional view showing the semiconductor 
device concerning the 4th operation gestalt of this invention. With this operation gestalt, although two 
MISFET(s) are formed, there is not necessarily no need of forming these by arrangement of drawing, and 
it can be carried out independently. In addition, the same sign is given to the same part as drawing 1 , 
and the detailed explanation is omitted. 

[0034] As for this operation gestalt, unlike the 1st operation gestalt, the semiconductor region 1 is 
separated with the support substrate. A transistor field is created on the p type semiconductor field 1, 
and the gate electrode 8 is formed in the upper part of a substrate 1 through gate dielectric film 12. n 
mold field 9 is formed in the both sides of the gate electrode 8 like the 1st operation gestalt, and it has 
become the source of a flat-surface mold MOS transistor, and a drain (see drawing 1 (a)). 
[0035] The semiconductor region 1 is embedded through the insulator layer 4 and the insulator layer 2 
at the insulator layer 3, and the insulator layer 3 is functioning as an insulator layer for isolation. 
Moreover, the semiconductor region 1 is formed on the support substrate 1 1 through the insulator layer 
3. Here, the angle of the semiconductor region 1 in drawing 7 is protected by an insulator layer 4 and 
the insulator layer 2, and it is formed so that the gate electrode 8 may not be arranged in contact with 
the side face of a semiconductor region 1 through gate dielectric film 1 2. 

[0036] It is the same as the 1st operation gestalt until it deposits 10-200nm of insulator layers 2 used 
as an etching stopper, for example, a silicon nitride, for the front face of the semi-conductor substrate 1 
in which the trench was formed, with this structure, after 5nm's oxidizing and forming an insulator layer 
4. 

[0037] Subsequently, after depositing an insulator layer 3 on the whole surface, as shown in drawing 8 
(a), it sticks so that an insulator layer 3 side may counter the support substrate 11. As an insulator layer 
3, the PSG film with a thickness of 0.1-2 micrometers is used, for example. It is N2 in order to carry out 
a reflow of the insulator layer after depositing an insulator layer 3, and to graduate. Annealing in an 
ambient atmosphere and annealing in a steam ambient atmosphere may be added. Furthermore, since 
attachment reinforcement is increased after attachment, it is N2. Annealing in an ambient atmosphere 
and annealing in a steam ambient atmosphere may be added. 

[0038] Subsequently, as shown in drawing 8 (b), overall etching of the semiconductor region 1 is carried 
out from a front face, and it is made exposed [ an insulator layer 4 or 2 ] to a front face. It is made slow 
[ compared with a semiconductor region 1 / an insulator layer 4 or the rate of etching of two ] at this 
time, and if it graduates completely by polishing, it can perform comparatively easily embedding and 
forming a semiconductor region 1 in an insulator layer 3. Of course, not polishing but ion etching may be 
used for overall etching. 

[0039] Subsequently, washing processing of the semiconductor region 1 before forming gate dielectric 
film 12 is carried out. At this time, like drawing 8 (b), an insulator layer 4 is etched and you may come 
below a semiconductor region 1. Under the present circumstances, the top face of an insulator layer 2 is 



made not to be formed below a semiconductor region 1 using the film into which an insulator layer 2 
cannot be easily etched by washing processing. 

[0040] Furthermore, as shown in drawing 8 (c) t gate dielectric film 12 is formed. For example, thickness 
is set to 5~50nm, using oxidation of the front face of Si of a substrate 1 as gate film. At this time, the 
film decrease by etching formed in the insulator layer 4 can be returned with gate dielectric film by 
maintaining the distance of the 2nd insulator layer 2 and a semiconductor region 1 below at gate- 
dielectric-film thickness. . 

[0041] The gate electrode 8 which continues, for example, consists of polish recon is deposited 
completely, and it is POCI3 to this gate electrode. Low resistance is spread and formed. Then, gate 
processing is etched with lithography. Then, 5~50nm may oxidize a gate side attachment wall for 
example, in an oxygen ambient atmosphere. 

[0042] Furthermore, the structure shown in said drawing 7 is acquired by forming the source drain field 
9 of n mold by carrying out the 1013cm - 2-1016cm-2 ion implantation of phosphorus or the arsenic, for 
example. 

[0043] As a modification of this operation gestalt, as shown in drawing 9 (a), a trench may not be formed 
in a right angle but you may form in the shape of a taper. Of course, the taper of drawing 9 (a) and 
reverse may be formed. Furthermore, as another modification, as shown in drawing 9 (b), an insulator 
layer 4 may not be formed but the direct insulator layer 2 may be formed in a semiconductor region 1. 
[0044] Moreover, as shown in drawing 9 (c), even if a semiconductor region 1 becomes lower than an 
insulator layer 2, the angle of a semiconductor region 1 serves as a configuration which is not 
surrounded with the gate electrode 8, and can prevent the effect of an edge parasitism transistor. This 
configuration is further formed by advancing etching of a semiconductor region 1, after carrying out 
overall etching of the semiconductor region 1 from a front face and making it exposed [ an insulator 
layer 4 or 2 ] to a front face like drawing 8 (a). 

[0045] There are the following three features with this operation gestalt. 

(1) Since front flesh-side reversal of the etching stopper film 2 is carried out after complete formation 
and the transistor is formed, the etching stopper film 2 is selectively formed only in the trench sections 
other than semiconductor region 1. Therefore, it is not necessary to carry out patterning of the etching 
stopper film 2, and a process is easy, and doubles theoretically and the problem of gap does not have it, 
either. 

(2) When coat nature uses the good deposition film for the insulator layer 3 for isolation, and the 
insulator layer 3 for isolation was formed with sufficient homogeneity along with the film 2, and the 
insulator layer for isolation embeds and is formed from a top face, which poses a problem does not 
arise near the interface of the insulator layer 3 for isolation, and an insulator layer 2. Therefore, as good 
a configuration as etching after gate-dielectric-film formation or a heat process can be maintained. 

(3) Since the film 2 is formed so that the whole side face of a semiconductor region 1 and the top face 
of an insulator layer 3 may be covered by using the film which has the stopping-power force to oxidation 
reduction agents, such as oxygen, hydrogen, or a steam, as etching stopper film 2, configuration change 
of the semiconductor region 1 by the oxidation reduction agent after gate-dielectric-film formation and 
the insulator layer 3 for isolation can be prevented. 

(Operation gestalt 5) Drawing 10 is the sectional view of the component structure which shows the 
semiconductor device concerning the 5th operation gestalt of this invention. With an operation gestalt, 
although two MISFET(s) are formed, there is not necessarily no need of forming these by arrangement 
of drawing, and it can be carried out independently. In addition, the same sign is attached to the same 
part as drawing 1 , and detailed explanation is omitted into it. 

[0046] Although this operation gestalt is the same on the 4th operation gestalt and basic target, the 
configuration and the forming method of the etching stopper film 2 differ from the 4th operation gestalt. 
The etching stopper film 2 is made to remain only in the side attachment wall of a semiconductor region 
1 with this structure, as first shown in drawing 1 1 (a). This can leave the etching stopper film 2 only to a 
side-attachment-wall part with a large trench level difference after forming the etching stopper film 2 in 



the whole surface by carrying out reactive ion etching of the film 2 almost vertically from a front face. 
Furthermore, after depositing an insulator layer 3 t as shown in drawing 1 1 (b), it sticks and carries out so 
that an insulator layer 3 side may counter a support substrate. Furthermore, overall etching of a 
semiconductor region 1 and gate-dielectric-film 12 formation pretreatment etching are performed, and 
gate-dielectric-film 12 formation is performed. Since it is the same as that of the 4th operation gestalt, 
these processes are skipped. 

[0047] With this operation gestalt, since he is trying for the etching stopper film 2 to remain only in the 
side attachment wall of a semiconductor region 1, stress can be made smaller than the case where it is 
the 4th operation gestalt by which the film 2 was formed in the whole surface. Moreover, distortion by 
the difference of the coefficient of thermal expansion by the temperature change of the etching stopper 
film 2, a semiconductor region 1 or the etching stopper film 2, and an insulator layer 3 can also be made 
small. Of course, 4th operation gestalt (1) and (2) The features are. maintained. 

[0048] Moreover, as a modification of this operation gestalt, as shown in the sectional view of drawing 
12 , it does not leave the etching stopper film 2 only to a side attachment wall, but the approach of 
leaving selectively is mentioned to the component isolation region inserted into the semiconductor 
region 1 . After complete deposition, in insulator layer 3\ it deposits completely and the structure of 
drawing 12 is acquired [ film / 2 ] by processing insulator layer 3' and the film 2 so that insulator layer 3' 
and the film 2 may not remain on a semiconductor region 1 by etching or polishing. Then, after 
depositing an insulator layer 3, since it is the same as the process of the 4th operation gestalt, it omits. 
[0049] Also at the structure of this drawing 12 , it is the 4th operation gestalt. The features of (1), (2), 
and (3) are maintained. Moreover, since the film 2 is not formed in the bottom of a semiconductor region 
1, distortion by the membrane stress of this operation gestalt or the difference of a coefficient of 
, thermal expansion can also be reduced as compared with the case of the 4th operation gestalt. 
(Operation gestalt 6) Drawing 13 is the component structure sectional view showing the semiconductor 
device concerning the 6th operation gestalt of this invention. With this operation gestalt, although two 
MISFET(s) are formed, there is not necessarily no need of forming these by arrangement of drawing, and 
it can be carried out independently. In addition, the same sign is given to the same part as drawing 1 , 
and the detailed explanation is omitted. 

[0050] Although this operation gestalt is the same on the 3rd operation gestalt and basic target, the 
semiconductor region's 1 being embedded and formed in an insulator layer 3 and insulator layer 3' and 
the forming method differ from the 3rd operation gestalt. Also with this structure, like drawing 1 3 , the 
angle of a semiconductor region 1 is protected by an insulator layer 14 or the insulator layer 4, and it is 
formed so that the gate electrode 8 may not be arranged in contact with the side face of a semi- 
conductor 1 through gate dielectric film 12. 

[0051] With this structure, after 5nm's oxidizing and forming an insulator. layer 4, 0.1 micrometers of 
insulator layers 2 used as an etching stopper, for example, the polycrystalline silicon film, is deposited 
for semiconductor region 1 front face in which the trench was formed. Subsequently, insulator layer 3' is 
deposited on the whole surface. As insulator layer 3\ the PSG film with a thickness of 0.3-1 micrometer 
is used, for example. As an insulator layer 3, 700 degrees C - about 1000 degrees C annealing may be 
added, for example, melt of the film may be carried out, and thickness may be made into homogeneity. 
Furthermore, it etches until the film 2 formed on the semiconductor region 1 is separated for every 
component isolation region and a semiconductor region 1 exposes the film 2 and 3' by etching. If it is 
made quick [ compared with a semiconductor region 1 / the rate of film 3' or etching of two ] at this 
time, it can perform comparatively easily embedding and forming a semiconductor region 1 in an 
insulator layer 3. Under the present circumstances, the film 4 may also be etched. 

[0052] Furthermore, after depositing an insulator layer 3, it sticks so that an insulator layer 3 side may 
counter the support substrate 1 1. As an insulator layer 3, the PSG film with a thickness of 0.3-1 
micrometer is used, for example. Since attachment reinforcement is increased after attachment, it is N2. 
Annealing in an ambient atmosphere may be added. 

[0053] Subsequently, overall etching of the semiconductor region 1 is carried out from a front face, and 



it is made exposed [ an insulator layer 4 or 2 ] to a front face. It is made slow [ compared with a 
semiconductor region 1 / an insulator layer 4 or the rate of etching of two ] at this time, and if it 
graduates completely by polishing, it can perform comparatively easily embedding and forming a 
semiconductor region 1 in an insulator layer 3 like drawing 13 . Of course, reactive ion etching may be 
used for overall etching. 

[0054] Subsequently, washing processing of the semiconductor region 1 before forming gate dielectric 
film 12 is carried out. At this time, like drawing 1 4 (a), an insulator layer 4 is etched and you may come 
below a semiconductor region 1. Under the present circumstances, a front face is made not to be 
formed below a semiconductor region 1 using the film into which the film 2 is hard to be etched by 
washing processing. 

[0055] Furthermore, gate dielectric film 12 is formed like drawing 14 (b). For example, thickness is set to 
5~50nm, using the oxidation or the nitriding of a substrate 1 on the front face of a semi-conductor as 
gate film. The film 2 is oxidized or nitrided from the upper part, and it is made to become an insulator 
layer 14 at this time. The film decrease formed in the insulator layer 4 can be returned by gate dielectric 
film 12 and the insulator layer 14 by maintaining the distance of an insulator layer 2 and a 
semiconductor region 1 below at the sum of the increment by insulator-layer—izing of gate-dielectric- 
film thickness and the film 3 here. 

[0056] Then, the process after formation of the gate electrode 8 is performed. Since it is the same as 
that of the 1st operation gestalt, these processes are skipped. With this operation gestalt, there are the 
following features besides the features of (1) and (3) of the 3rd operation gestalt. That is, when coat 
nature uses the good deposition film for insulator layer 3' for isolation, and it was formed with sufficient 
homogeneity along with the film 2, and the insulator layer 3 for isolation embeds and is formed from a 
top face like drawing 13 , ** which poses a problem does not arise near the interface of the insulator 
layer 3 for isolation, and an insulator layer 2. Therefore, as good a configuration as etching after gate- 
dielectric-film formation or a heat process can be maintained. 

[0057] Moreover, an operation gestalt like drawing 14 (c) which carries out whether it is more nearly 
equal than the depth in which the conversion possibility of, i.e., the oxidation, or oxidation to an insulator 
layer 14 is possible in the remaining thickness of etching of the film 2 shown by z of drawing 14 (c) is 
also mentioned. In this case, if the film with electrical conductivity smaller than the film 2 is used for an 
insulator layer 14 in order for the film 2 to turn into an insulator layer 14 altogether and not to remain, 
when forming gate dielectric film 12 like drawing 14 (d), an isolation property can be raised more. 
(Operation gestalt 7) Drawing 15 is the component structure sectional view showing the semiconductor 
device concerning the 7th operation gestalt of this invention. With this operation gestalt, although two 
MISFET(s) are formed, there is not necessarily no need of forming these by arrangement of drawing, and 
it can be carried out independently. In addition, the same sign is given to the same part as drawing 1 , 
and the detailed explanation is omitted. 

[0058] Although this operation gestalt is the same on the 3rd operation gestalt and basic target, the 
semiconductor region's 1 being embedded and formed in an insulator layer 3 and insulator layer 3' and 
the forming method differ from the 3rd operation gestalt. 

[0059] With this operation gestalt, like drawing 15 , the film 2 is formed only in the side face of a 
semiconductor region 1, and an insulator layer 14 is not formed in the top face of the insulator layer 3 
for isolation. This leaves the etching stopper film 2 only to a side-attachment-wall part with a large 
trench level difference after depositing the film 2 by carrying out reactive ion etching of the film 2 
almost vertically from a front face. Then, an insulator layer 3 is deposited on the whole surface. As an 
insulator layer 3, the PSG film with a thickness of 0.3-1 micrometer is used, for example. Then, 700 
degrees C - about 1000 degrees C annealing may be added, for example, melt of the film may be carried 
out, and thickness may be made into homogeneity. Then, it sticks so that an insulator layer 3 side may 
counter the support substrate 1 1 , and since it is the same as the process explained with the 6th 
operation gestalt, a subsequent process is skipped. 

[0060] With this operation gestalt, there are the following features besides the features of (1) and (3) of 



the 3rd operation gestalt. 

(1) With this operation gestalt, since he is trying for the etching stopper film 2 to remain only in the side 
attachment wall of a semiconductor region 1, stress can be made smaller than the case where it is the f 
3rd operation gestalt and the 4th operation gestalt by which the film 2 was formed in the whole surface. 
Moreover, distortion by the difference of the coefficient of thermal expansion by the temperature 
change of the etching stopper film 2, a semiconductor region 1 or the etching stopper film 2, and an 
insulator layer 3 can also be made small. 

(2) When coat nature uses the good deposition film for the insulator layer 3 for isolation, and embedded 
and formed from a top face, "**" which poses a problem does not arise near the interface of the 
insulator layer 3 for isolation, and the gate electrode 8. Therefore, as good a configuration as etching 
after gate-dielectric-film formation or a heat process can be maintained. 

[0061] In addition, this invention is not limited to each operation gestalt, mentioned above, although the 
trench for isolation was formed in the semiconductor region 1 by etching with the operation gestalt — 
LOCOS — a component isolation region is selectively oxidized by law, after exfoliating LOCOS mask 
material, with etching reagents, such as ammonium fluoride, a LOCOS oxide film may be removed 
selectively and a trench may be formed. Of course, the LOCOS method may be combined as trench 
formation semi-conductor etching. 

[0062] Although the operation gestalt showed the oxide-film forming method by thermal oxidation as a 
method of creating an insulator layer 4 and showed how to deposit PSG as the insulator layer 3 for 
isolation, and a method of forming 3', for example, oxygen or nitrogen may be poured in with the low 
acceleration energy of 30keV extent, an oxide film may be formed, you may form by the approach of 
depositing an insulator layer, and these may be combined. Moreover, although 5nm was shown as an 
example as thickness of an insulator layer 4, it considers as the thickness of 5-50nm that what is 
necessary is just below the thickness of gate dielectric film 12. 

[0063] Moreover, the insulator layer for isolation and the insulator layer forming method itself may use 
the approach except [ these ] changing silicon into silicon oxide or a silicon nitride, for example, the 
approach of pouring into the silicon which deposited oxygen ion and nitrogen ion, and the approach of 
oxidizing deposited silicon, as silicon oxide — SHIRIKE, such as PSG and BPSG, — the id — deposition 
oxide films, such as glass or the so-called TEOS, can also be used. Moreover, of course, the monolayers 
or those bipolar membrane of the AIGaAs mixed crystal to paraelectrics film, such as ferroelectric film, 
such as a silicon nitride or barium titanate, lead titanate, and strontium bismuth tantalum oxide, barium 
titanate, and tantalic acid-ized film, and a GaAs substrate can also be used for this insulator layer. 
[0064] Moreover, although how to form an oxide film or a nitride by oxidizing or nitriding the semi- 
conductor substrate 1 as gate dielectric film 12 was shown, the bipolar membrane which could use the 
deposition film and combined these is sufficient. Here, when the deposition film is used, ****** of the 
film 4 made by etching before gate-dielectric-film formation like drawing 16 (a) is returned by the 
deposition film. Under the present circumstances, surface coating nature can embed thoroughly the 
trench of the width of face within 2 double [ of that thickness ] by the good deposition film. For this 
reason, by drawing 16 (b), if a semiconductor region 1, the film 2, and spacing y are maintained at 2 
double less or equal of the gate deposition film 12 thickness x, the angle of a semiconductor region 1 will 
not be exposed and the structure of this invention will be formed. 

[0065] With an operation gestalt, although p mold single crystal silicon substrate was assumed as a 
semiconductor region 1 , polycrystalline silicon, porous silicon, an amorphous silicon, SiGe mixed crystal, 
SiC mixed crystal, GaAs, and InP may be used. Of course, a n-type semiconductor may be used and the 
p mold MISFET may be formed instead of the n mold MISFET. 

[0066] Although n mold field formation by phosphorus or the arsenic was shown as a source drain field 9, 
antimony may be used as a dopant and you may form by the solid phase diffusion and gaseous-phase 
diffusion using not an ion implantation but BPSG, PSG, etc. Moreover, p mold field may be formed in n 
mold substrate with boron. Furthermore, when using GaAs as a semiconductor region 1 , Zn and Be may 
be formed in germanium, Si, Sn, and p mold field formation by solid phase diffusion or ion implantation as 



a dopant of a source drain at n mold field formation. 

[0067] As a support substrate 1 1 , a silicon substrate, a GaAs substrate, an InP substrate, a silicon oxide 
substrate, an oxidation aluminum substrate, a diamond substrate, a SiC substrate, or the substrate 
formed by such bipolar membrane may be used. 

[0068] Moreover, as etching stopper film 2 of the operation gestalten 1, 2, 4, and 5, although the 
deposition silicon nitride was shown as an example, silicon is deposited, for example and you may change 
into a silicon nitride by heat nitriding or the nitrogen ion implantation. Moreover, the monolayers or those 
bipolar membrane of the paraelectrics film, such as ferroelectric film, such as not a silicon nitride but 
barium titanate, lead titanate, and strontium bismuth tantalum oxide, barium titanate, and tantalic acid- 
ized film, can also be used. 

[0069] As etching stopper film 2 of the operation gestalten 3, 6, and 7, although the polycrystalline 
silicon film was shown as an example, single crystal silicon, porous silicon, an amorphous silicon, SiGe 
mixed crystal, SiC mixed crystal, W, Ta and Ti, or the film insulator— ized by oxidation or nitriding like 
aluminum may be used, and such bipolar membrane may be used. 

[0070] As an ingredient of the gate electrode 8, it is POCI3. Although the diffused polycrystalline silicon 
was shown, the silicon film which carried out the ion implantation of the arsenic may be used, solid 
phase diffusion of phosphorus or the arsenic may be carried out by PSG and AsSG, and the so-called 
doped silicon film which doped phosphorus, an arsenic, or boron simultaneously may be used at the time 
of film formation. Moreover, metals, such as single crystal silicon, porous silicon, an amorphous silicon, 
and W, Ta, Ti, Hf, Co, Pt, Pd, aluminum, Cu, or the silicide of those can also be used in addition to 
polycrystalline silicon. Moreover, you may make it these laminated structures. 

[0071] In the substrate (SOI substrate etc.; equivalent to the operation gestalten 4-7) in which the 
semi-conductor film was formed on the insulating substrate, it is also possible to apply this invention to 
mesa mold isolation further again. That is, it can carry out to below the thickness of the gate dielectric 
film of MISFET which saves the semi-conductor film which forms a component by etching etc. on an 
insulating substrate in the shape of an island, forms insulator layers, such as SiN film, in the side 
attachment wall of said semi-conductor film, and forms the distance between this insulator layer and an 
island-like semi-conductor layer in said semi-conductor film, and it is possible for this to acquire the 
same effectiveness as said operation gestalt. In addition, in the range which does not deviate from the 
summary of this invention, it can deform variously and can carry out. 
[0072] 

[Effect of the Invention] As explained in full detail above, the exposure for a corner of the 
semiconductor region accompanying gate-dielectric-film formation pretreatment can be beforehand 
prevented by substituting for the insulator layer for isolation near the semiconductor region another 
insulator layer which cannot be easily etched by gate-dielectric-film formation pretreatment in trench 
separation according to this invention, and the effect of a parasitism edge transistor is reduced, and it 
becomes that it is possible in realizing the semiconductor device which can aim at improvement in 
repeatability, and its manufacture approach. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The top view and sectional view showing the component structure of the semiconductor 
device concerning the 1 st operation gestalt. 

[Drawing 2] The sectional view showing the first half of the production process of the semiconductor 
device of the 1 st operation gestalt. 

[Drawing 3] The sectional view showing the second half of the production process of the semiconductor 
device of the 1st operation gestalt. 

[Drawing 4] The component structure sectional view showing the semiconductor device concerning the 
2nd operation gestalt. 

[Drawing 5] The component structure sectional view showing the semiconductor device concerning the 
3rd operation gestalt. 

[Drawing 6] The sectional view showing the production process of the semiconductor device of the 3rd 
operation gestalt. 

[Drawing 7] The component structure sectional view showing the semiconductor device concerning the 
4th operation gestalt. 

[Drawing 8] The sectional view showing the production process of the semiconductor device of the 4th 
operation gestalt. 

[Drawing 9] The sectional view showing the modification of the 4th operation gestalt. 

[Drawing 10] The component structure sectional view showing the semiconductor device concerning the 

5th operation gestalt. 

[Drawing 1 1] The sectional view showing the production process of the semiconductor device of the 5th 
operation gestalt. 

[Drawing 12] The sectional view showing the modification of the 5th operation gestalt. 

[Drawing 13] The component structure sectional view showing the semiconductor device concerning the 

6th operation gestalt. 

[Drawing 14] The sectional view showing the production process of the semiconductor device of the 6th 
operation gestalt. 

[Drawing 15] The component structure sectional view showing the semiconductor device concerning the 
7th operation gestalt. 

[Drawing 16] The sectional view showing the modification of this invention. 

[Drawing 1 7] The top view and sectional view showing the component structure of the conventional 
semiconductor device. 
[Description of Notations] 

1 — A semi-conductor substrate and semiconductor region 

2 — Etching stopper film (the 1st insulator layer) 

3 3' — Insulator layer for embedding isolation (the 2nd insulator layer) 

4 — Buffer insulator layer (the 3rd insulator layer) 

8 — Gate electrode 

9 — Source drain field 



11 — Support substrate . „ 

12 — Gate dielectric film 

14 — Edge transistor formation inhibition insulator layer 
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